A survey was conducted to determine the density and species composition of viable seeds buried in four stands of a tropical montane forest at Parque Estadual Intervales, Brazil. The objective was to understand: (1) how numbers and composition of the soil seed bank change as the forest regrows, and (2) how such changes affect the species available for regeneration if forests of different ages are cut down. In each forest stand (5, 18, 27-yr-old and a mature forest), 57 soil samples were collected (0-2.5 and 2.5-5 cm deep). Viable seed density of herbaceous species ranged between 11,003 seeds. m -2
INTRODUCTION
Relatively few studies have determined the factors that affect the regeneration of tropical forests after human disturbance, yet a better understanding of these factors could help to develop ways to restore these important habitats (Duncan & Chapman, 1999) . Nowadays, as in the past, shifting agriculture (slash-and-burn, sensu Uhl, 1982) is probably the most important cause of deforestation and it is practiced everywhere in the humid tropics and subtropics, except in Australia and a few regions where local conditions allowed sedentary agriculture (Richards, 1996) . Knowledge of the soil seed bank might be especially important to understanding regeneration because forest cleared for shifting agriculture has three potential sources of regeneration: seeds present in the soil at the time of disturbance, post-disturbance seed input, and resprouting trunks and roots (Young et al., 1987) .
According to Putz & Appanah (1987) and Lawton & Putz (1988) , 85% of woody plant establishment in the early regeneration of two tropical forests after shifting agriculture was related to viable seeds in the soil bank. In contrast, soil seed bank is not a mechanism of major importance in regeneration of lowland Amazonian forests at sites abandoned after long-term (i.e., > 5 years) land use (Uhl, 1982) . In this situation, seed immigration from forest remnants is needed. These remnants represent available habitats for pioneers, shadetolerant species and for their vertebrate dispersers inside human-managed landscapes (Nepstad et al., 1995) .
The Brazilian Atlantic Forest is one of the most threatened ecosystems in the world (Ranta et al., 1998) . The 7.5% that remains of this forest in southeast Brazil (Myers et al., 2000) is represented to a large extent by secondary forests (Brown & Brown, 1992) , part of it is under longterm land use for agriculture with very short fallow periods (i.e., 3-10 years) (Oliveira et al., 1994) . As stated by Uhl (1982) , in all types of tropical forest very little is known about regeneration after long-term land use, despite its importance for land management and biological conservation (Nepstad et al., 1991 (Nepstad et al., , 1998 . In this study we evaluated the density of viable seeds and species composition of the seed bank in four stands of different ages in the Atlantic montane forest. We ask two questions: (1) how do numbers and composition of the soil seed bank change as the forest regrows after long-term land use? (2) How do such changes affect the species available for regeneration if forests of different ages are cut?
MATERIAL AND METHODS

Study area
The study was conducted at Parque Estadual Intervales (24 o 12'S, 48 o 03'W), a 38,536-ha reserve of Atlantic Forest, State of São Paulo, southeast Brazil (Fig. 1) . It is located in the Paranapiacaba mountains, at elevations ranging between 60 and 1,100 m (Almeida, 1974) . In the study region the predominant soils are oxisols and podsols (Comissão de Solos, 1960) . According to Koeppen's classification, the regional climate is humid-temperate, lacking a demarcated dry season. Mean rainfall throughout this area is approximately 1,720 mm. yr -1 , with the wettest and the driest period of the year between December and March, and July and August, respectively (São Paulo, 1972) . The primary vegetation in this region is best classified as tropical montane rain forest, which is often considered to be one of the major Atlantic Forest types in Brazil (Veloso et al., 1991) .
The Atlantic Forest in the study area presents a woody plant species composition similar to the other Atlantic montane forest sites described in the literature. Myrtaceae, Lauraceae, Rubiaceae, Melastomataceae and Leguminosae are usually the richest woody plant families (Mantovani et al., 1990; Tabarelli, 1997) .
Soil seed bank
Using information from local people and the analysis of aerial photos, three 0.2-ha stands of forest aged 5, 18 and 27 years, and a 0.2-ha stand of a mature forest were selected. All of them situated in similar conditions of topography (900 m above sea level). All stands were surrounded by early secondary forests, farm sites and mature forests. In such places shrubs and pioneer trees of the Asteraceae, Euphorbiaceae, Solanaceae were abundant, as were weeds of the Poaceae, Cyperaceae and Malvaceae. The stands of secondary forest were considered representative of the regeneration process as the mature forest was cut down and the land used for shifting agriculture (Baider, 1994) .
The most common crops planted were manihot (Manihot esculenta), potatoes, and maize. According to Nascimento (1994) , the stands were used for at least 5 years before being abandoned, characterizing a type of long-term land use (sensu Uhl, 1982) . Stands probably suffered multiple clearings since the original mature forest was first cut.
In order to investigate the density, species richness and composition of viable seeds in the soil, 57 soil samples were taken randomly at each stand of forest from two soil layers (0-2.5 and 2.5-5 cm deep) in the same column of soil. The samples sizes were 2.5 cm deep and 11.3 cm diameter. The soil samples were transferred to plastic pots that were maintained under field conditions at Universidade de São Paulo, city of São Paulo.
According to Koeppen's classification, the climate in São Paulo is humid-temperate, lacking a demarcated dry season. Mean rainfall is approximately 1,400 mm yr -1 , with the wettest and the driest period of the year between December and March, and July and August, respectively (São Paulo, 1972) . Eight pots with sand were randomly distributed in the same location to control seed contamination. Emerging seedlings 30 to 60-dayold were collected and identified by botanical specialists at Universidade de São Paulo. After a 60-day period, the soil with no recruitment was turned upside down in order to expose covered seeds to light. Plant recruitment was monitored for 17 months (January 1992 to May 1993). The number of seedlings recorded was used to estimate:
(1) the density of viable seeds for each stand of forest, and (2) the density for each layer of soil. The tree and shrub species identified were classified in functional groups (hereafter, guilds) according to mutually exclusive categories describing the following life-history traits: Regeneration niche -(1) the shade-intolerant, including species which regenerate only in natural gaps (Hartshorn, 1978) , as well as species which rege- nerate either in natural gaps or below the pioneer forest canopy, referred as large pioneers by Swaine & Whitmore (1988) ; (2) shade-tolerant, including the species which regenerate in treefall gaps and below the mature forest canopy (Hartshorn, 1978) . Seed-dispersal -(1) zoochoric species: those producing diaspores attached to a fleshy pulp, aril, or other features typically associated with vertebrate dispersal agents; (2) anemochoric species: those presenting winged seeds, plumes, or other wind-dispersal devices that slow the rate of seed fall; and (3) autochoric species: those dispersed entirely by free fall or propelled explosively by a fruit that opens suddenly or by a trip-lever (Pijl, 1982) . Anemochoric and autochoric species could then be grouped into a single category comprising all species dispersed by abiotic mechanisms. Zoochoric species were also classified into two size classes of diaspores: (1) seeds shorter than 1 mm length, and (2) those between 1 and 10 mm length. Species were classified into these guilds based on the distribution of their seedlings in gaps or in the forest understory (Mantovani, 1993; Tabarelli & Mantovani, 1997) , and information about their regeneration strategies and seed morphology published by Reitz (1989) and Roosmalen (1985) .
Data analysis
We examined the correlation between forest age and (1) total density plant of viable seeds. m -2 ; and (2) the number of woody species in the seed bank, using Spearman rank correlation coefficients (Siegel, 1979) . For these analyses, we considered the mature forest as 120 years old. This is the period required for Atlantic Forest regeneration after shifting agriculture (Klein, 1980) . Number of viable seeds was compared between soil layers and among growth forms (herbaceous vs. woody plant species) with Qui-squared tests (Siegel, 1979) . The analyses were carried out using the SYSTAT 7.0 software package.
RESULTS
Seed density
Viable seed density of herbaceous species ranged between 11,003 (5-yr-old vegetation) and 482 seeds.m -2 (mature forest), and between 25 (5-yr-old vegetation) and 389 seeds.m -2 (mature forest) of woody plant species.
Thus, the soil seed bank stored between 11,028 to 872 viable seeds.m -2 , depending on forest age (Table 1) As the forest became older, (1) a decrease in the total density of viable seeds, (2) a decrease in the density of viable seeds of herbaceous species, and (3) an increase in the density of viable seeds of woody plant species were observed. Although buried seeds occurred in a decreasing density along forest regeneration, such decrease was not proportional to the increase in forest age (r s = -0.8, N = 4, p > 0.05).
The seed banks were dominated by herbaceous species (X 2 = 7,290.7, d.f. = 1, p < 0.001), and most of viable seeds were buried in 0-2.5 cm soil layer (X 2 = 570.68, d.f. = 1, p < 0.001).
Species composition and richness
Considering the samples from the four stands of forest, 12,337 seedlings emerged during a period of 17 months. Among the 11,786 seedlings of herbaceous taxa (grasses, forbs and sedges), 111 morphotypes (presumably different species) within 28 families were identified. The greater part of these taxa consisted of short-lived weeds of the Asteraceae, Poaceae, Malvaceae and Solanaceae, accounting for 45%, 15.3%, 5.4% and 5.4% of morphotypes identified, respectively.
The remaining 551 seedlings were classified in 27 woody plant species plus two unidentified woody taxa (Table 2 ). The Melastomataceae was the richest family, accounting for 41.3% of total species and for 82.5% of total seedlings, followed by the Euphorbiaceae, Solanaceae and Myrsinaceae. Seventy seven percent of woody plant species were pioneers and 23% were shade-tolerant ones. Pioneer species represented 96.5% of seedlings, the remaining 3.5% being the shade-tolerant ones. The majority of woody plant species recorded (85.1%) were vertebrate-dispersed, 55.5% of them presenting diaspores less than 1 mm length (Table  2) . A positive correlation between forest age and woody plant species richness in the seed bank was found, increasing from four species in 5-yr-old vegetation up to 19 in the mature forest (Fig. 2) . 
DISCUSSION
Seed bank
Our study area presented a high number of viable seeds buried in the soil (from 872 seeds. m -2 to 11,028 seeds.m -2 ). According to Garwood . Young et al. (1987) estimated 6,800 viable seeds.m -2 in the soil of a 3.3-yr-old vegetation, 9,500 seeds in 11-yr-old vegetation, and 7,000 seeds.m -2 in a 75-yr-old tropical forest.
In addition, our results provide evidence that, as forest regeneration proceeds, there is a decrease in the density of viable seeds. Such high density and the changes in numbers and composition of the soil seed bank as the forest regrows is related to herbaceous species. They accounted for the majority of seedlings found and their densities decreased sharply during forest regeneration (Table  2) . Although studies by Hopkins & Graham (1983 , 1984 and Vásquez-Yanes & Orozco-Segovia (1987) pointed out that herbaceous species are not well represented in tropical forest, they are common in the early secondary forests (Gómez-Pompa & Vázquez-Yanes, 1981; Gómez-Pompa et al., 1991) . Herbaceous species recorded in the soil seed bank of tropical forests are generally light demanding pioneers. That is the same pattern found at our study area as most of species belongs to Vernonia, Ambrosia, Eupatorium, Solanum and Sida, very common genera in recently abandoned fields (personal observation). As forest regrowth is accompanied by a decrease in light availability in the forest understory, it is reasonable to suppose that pioneer herbaceous species are not able to produce new seed crops, causing a decrease in seed bank stocks, such as observed in the study area.
Woody plant species contributed little to the soil seed bank (Table 2) and their seed density increased during forest regeneration. Pioneer trees and shrubs are usually recorded in the soil seed bank of tropical forests, representing between 18% and 91% of seeds (Enright, 1985; Lawton & Putz, 1988; Hopkins et al., 1990) . In Barro Colorado, Panama, Dalling et al. (1998) recorded 22 tree species in the soil seed bank of a mature forest. Most of them were pioneer species with small seeds (< 20 mg) and dispersed by vertebrates. In this study, pioneer trees and shrubs were represented by Alchornea triplinervia, Pera glabrata, Hyeronima alchornioides, Tibouchina mutabilis, Leandra mosenii and Miconia pyrifolia. All of them are very abundant in early Atlantic secondary forests (10-45 years old) (Leitão Filho, 1993; Tabarelli & Mantovani, 1999b) . Alchornea, Piper, Miconia, Leandra and Rapanea species are usually dispersed by generalist birds (manakins, teenagers) and in the case of Solanum species by frugivorous bats (Roosmalen, 1985; Stiles & Rosselli, 1993; Sick, 1997) .
Therefore, we stated that establishment of short and long-lived pioneers at the earliest stages of forest regeneration is responsible for the increase in both seed density and richness of woody plant species in the soil seed bank. Like other tropical forest sites (Holthuijzen & Boerboom, 1982; Roizman, 1993; Richards, 1996) , the majority of seeds are buried to a depth of 2.5, although there are viable seeds buried to at least 5 cm deep.
Implication for forest regeneration
Following shifting agriculture, Atlantic Forest regeneration, like any kind of tropical Forest, is characterized by replacement of species showing different life histories and growth forms (Tabarelli & Mantovani, 1999b) . In southeast Brazil, this process could be described as a sequence of seral stages dominated by Andropogon species (grasses), Baccharis (shrubs), Rapanea, Miconia and Alchornea (trees) (Klein, 1980) ; or by Imperata (grasses), Baccharis, Tibouchina and Alchornea (Tabarelli, 1997) or by Imperata, Baccharis, Tibouchina and Nectandra (tree), as observed in the study area by Nascimento (1994) . These species constitute the early or pioneer communities, which are essential for the establishment of shade-tolerant trees and consequently forest regeneration (Tabarelli, 1997) .
Essentially, if forests of different ages are cut and used for agriculture, diaspores of different ecological groups (i.e., Baccharis, Tibouchina and Nectandra species) will be available for regeneration (see Table 2 ). The seed bank in 5-yr-old forest lack any woody plant species involved in forest regeneration.
In contrast, the soil seed bank of the mature forest stores seeds of at least four taxonomic and ecological groups: specifically, pioneer shrubs of the genera Leandra and Miconia, short-lived pioneer trees of Solanum, Rapanea and Tibouchina and long-lived pioneer trees of Alchornea, Hyeronima and Pera. A logical prediction drawn from these results is that under long-term land use with very short fallow periods (i.e., 3-10 years), soil seed bank will have a diminished importance as source of woody plants for forest regeneration.
If the soil seed bank has different contributions for Atlantic Forest regeneration in terms of ecological groups, in contrast the species composition of buried seeds suggests that the seed bank is not important for the restoration of woody plant species richness. Number of tree species (≥ 10 cm dbh) in neotropical forest ranges from 118 to 307 species ha -1 (Gentry, 1988; Valencia et al., 1994) accounting for at least 50% of woody plant species richness (Gentry & Emmons, 1987) . In a 1-ha plot of Atlantic Forest, Tabarelli & Mantovani (1999a) recorded 136 tree species (dbh ≥ 10 cm). The majority of woody plant species in the forest studied by these authors, as well as in the present study area, are shade-tolerant trees within Myrtaceae, Lauraceae, Sapotaceae, Monimiaceae and Leguminosae (Nascimento, 1994; Tabarelli & Mantovani, 1999b) , with diaspores larger than 5 mm (cf. Reitz, 1989) . No shade-tolerant species with large seeds were recorded in the soil seed bank independently of forest age (see Table 2 ).
Thus, we postulate that in the Atlantic Forest, post-disturbance inputs of allochthonous diaspores from remaining secondary or mature patches of forest, as well as their vertebrate dispersers, are required. Such patches will provide some of the diaspores required for forest regeneration after land use and abandonment. According to Tabarelli et al. (1993) , at sites where seeds and dispersal agents are available in surrounding mature forests, small stands (i.e., 0.2 ha) of 18-yr-old forests can support more than fifty forest species among pioneer and shade-tolerant trees and shrubs (e.g., Euphorbiaceae, Myrtaceae, Lauraceae and Leguminosae species), despite previous long-term land use. As previously detected in the Amazonian region by Silva et al. (1996) at landscapes where shifting agriculture or ranching are the predominant activities, it is essential to protect remnants of forest to maintain the sources of diaspores and the vertebrate dispersers required for regeneration.
In conclusion, our results provide evidence that numbers and composition of the soil seed bank change as the forest regrows. The importance of soil seed bank for forest regeneration depends also on the age of the forest cut. Allochthonous seeds from remaining patches of forest are needed for forest regeneration as soil seed bank does not store large seeds of shade-tolerant species. Studies quantifying how much woody plant species establishment is regulated by seed stored in soil is essential to understand the real importance of the seed bank for the regeneration of tropical forests.
